Female Sprague-Dawley rats were given a single dose of tamoxifen (20 mg/kg body weight) by gavage or the same dose at 24-hr intervals for 2, 12, or 52 weeks, and the altered expression of cyclin-dependent kinase-interacting protein p21 (p21), tumor suppression protein p53, and the placental form of glutathione S-transferase (GST-P) in the liver was comparatively examined during the process of tamoxifen-induced hepatocarcinogenesis. The development of hepatocellular carcinoma was histopathologically observed only in rats administered tamoxifen for 52 weeks, but not in any other experimental groups. Significant increases in levels of the mRNA and protein of p21 were first observed in rats administered tamoxifen for 2 weeks, and the levels increased with further long-term treatment. Immunohistochemical analyses of p21 and GST-P in the liver of rats administered tamoxifen for 12 and 52 weeks revealed that the localization of p21-positive cells did not necessarily coincide with that of GST-P-positive cells. In the 52-week group, p21-positive cells, rather than GST-P-positive cells, were observed preferentially in the region consisting of histopathologically malignant cells. The present study demonstrated that during the process of tamoxifeninduced hepatocarcinogenesis, expression levels of the mRNA and protein of p21 were increased. The significance of the increased expression of p21 during hepatocarcinogenesis is discussed.
INTRODUCTION
The hepatocarcinogenicity of tamoxifen in female rats has been reported, [1] [2] [3] [4] although it is widely used not only as an anti-breast cancer drug 5, 6) but also as a chemopreventive agent for breast cancer. 7) Recently, we have demonstrated the alteration of the gene expression of the tamoxifen-metabolizing enzymes, 8) DNA repair proteins/enzymes, and cell proliferation-associated proteins during the process of tamoxifen-induced hepatocarcinogenesis in female rats and discussed the correlation of those alterations with the development of hepatocarcinoma. 9) In tumor biology, cyclin-dependent kinase-interacting protein p21 (p21) has received attention because it suppresses the cell cycle progression by inhibiting the activity of cyclin-dependent kinases 10, 11) and by interacting with a proliferation cell nuclear antigen (PCNA). 12) Considering these functions of p21, it appears to be closely associated with the prevention of carcinogenesis. 12, 13) However, the relationship between the expression of p21 and chemical carcinogenesis remains unclear.
In the present study, we investigated the altered expression of p21 and a placental form of glutathione S-transferase (GST-P), a marker enzyme for precancerous liver cells, during the process of tamoxifeninduced hepatocarcinogenesis in female rats. 
Increased Expression of Cyclin-Dependent

MATERIALS AND METHODS
Liver Tissue ---Rat liver tissues examined in the present experiments were the samples prepared in our previous experiments. 8, 9) Briefly, female Sprague-Dawley rats were purchased from Charles River (Atsugi, Japan) and used at 6 weeks of age. Tamoxifen citrate (Sigma Chemical Co., St. Louis, MO, U.S.A.) was suspended in 0.5% carboxymethyl cellulose and used as tamoxifen. Female rats were administered a once-daily dose (20 mg/kg body weight) by gavage for the indicated periods. The numbers of animals used were 14 for the 52-week administration period and 5 for other periods. After 52-week administration, hyperplastic nodules were observed macroscopically in 12 of the 14 rats, and we selected five livers from those12 animals to be used in further experiments. In addition, livers with hyperplastic nodules were divided into nodular and nodule-surrounding sections, and those were used as separate samples. The control group of 5 rats was treated with vehicle (0.5% carboxymethyl cellulose solution) alone. Twenty-four hours after the final administration of tamoxifen or vehicle alone, the rats were killed by exsanguination under anesthesia. Their livers were quickly removed and stored in liquid nitrogen until use.
Preparation of RNA and cDNA ---Total hepatic RNA was prepared by the method as described previously. 9) Briefly, synthesis of complementary DNA (cDNA) from total liver RNA (2 µg) was performed in a reaction mixture (40 µl) containing a Not I-(dT)18 primer (Amersham Pharmacia Biotech, Buckinghamshire, U.K.) and an Omniscript RT Kit (Qiagen GmbH, Hilden, Germany). Preparation of Standard DNAs for Real-Time PCR ---Standard DNAs for the quantitative determination of target mRNAs using real-time PCR were amplified with the cDNAs synthesized from total RNAs of untreated rat liver with the Omniscript RT Kit. The primer sets for standard DNAs were designed using primer 3 software (http://frodo.wi. mit.edu/cgibin/primer3/primer3_www.cgi) to interleave sequences amplified by real-time PCR and are summarized in Table 1 . Amplification of each cDNA (1 µl of 1/10 diluted sample) examined was carried out with a thermal cycler (Perkin-Elmer Cetus, Norwalk, CT, U.S.A.). The PCR program used was: pretreatment at 94°C for 2 min; denaturation at 94°C for 20 sec; annealing at 57°C for 45 sec; and extension at 72°C for 45 sec. Numbers of the PCR cycle used were: 30 cycles for β-actin; and 40 cycles for p21 and tumor suppression protein p53 (p53). The PCR reaction mixture was subjected to 2% low- Real-Time PCR ---All real-time PCRs were performed using the quantitative real-time method with the ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, CA, U.S.A.). Briefly, real-time PCR was performed in 50 µl of reaction mixture containing 25 µl of SYBR Green PCR Master Mix (Applied Biosystems), 100 nM of each primer, 5 µl of each cDNA preparation (1/10 dilution) or appropriately diluted standard DNA, and DEPC-water in 0.2-ml MicroAmp optical tubes (Applied Biosystems). Thermal cycling conditions comprised initial denaturation (at 95°C for 10 min) and extension (40 cycles at 95°C for 15 sec and 60°C for 1 min). Copies of mRNA were quantified and normalized to that of β-actin, an internal standard. Primer sets for p21, p53, and β-actin shown in Table 1 were designed using Primer Express (Applied Biosystems).
Histopathologic and Immunohistochemical
Analyses ---Serial paraffin sections (3 µm thick) of the liver obtained from rats in each experimental group were cut and placed on poly-L-lysine-coated slides. After the sections were immersed in xylene and dehydrated with alcohol, they were stained with hematoxylin and eosin (H&E) and used for histopathologic analysis.
Immunohistochemical analysis of GST-P-positive foci was performed using the method described previously. 9) Immunohistochemical analysis of p21 was performed according to the following protocol. After endogenous peroxidase in a liver section was quenched by treatment with 3% hydrogen peroxide in phosphate-buffered saline (PBS) solution for 10 min, the section was immersed in 5% normal goat serum (IBL Co., Ltd., Gunma, Japan) at room temperature for 30 min, rinsed with Tris-buffered saline solution containing 0.1% Tween20 (TBS-T), and then incubated with a mouse anti-human p21 WAF1/Clip1 monoclonal antibody (DakoCytomation Co., Ltd., Glostrup, Denmark) overnight at 4°C. After the section was washed with TBS-T, it was incubated with K4000 EnVision+ peroxidase Mouse (DakoCytomation Co., Ltd.), a secondary antibody, at room temperature for 30 min. After washing three times with TBS-T, the liver section was stained with the 3,3-Diaminobenzidine Tetrahydrochloride Liquid System (DakoCytomation Co., Ltd.) at room temperature and then counterstained with hematoxylin. p21-Positive cells were expressed as the number per cm 2 of a tissue section using an image analyzer (LUZEX III; Nireco, Tokyo, Japan).
Fig. 1. Change in Expression Level of the p21 Gene during
Tamoxifen-Induced Hepatocarcinogenesis
Copies of the p21 genes expressed were calculated based on that of β-actin 1 × 10 4 , an internal control. C, control; T, tamoxifen treatment; T S and T N in the 52-week administration mean the nodule-surrounding tissues and hyperplastic nodules, respectively. The amount of each RT-PCR product was assayed in 5 individual rats in each experimental group, and the data shown are expressed as mean ± S.D. (n = 5). *,**Significant differences from the corresponding controls assessed by Student's t-test; *p < 0.05, **p < 0.01.
RESULTS
A significant increase in the gene expression level of hepatic p21 was first observed in rats administered tamoxifen for 2 weeks, and the level was markedly increased with further long-term administration (Fig. 1) . On the other hand, no significant change in the gene expression of p53 was observed in any experimental group (Fig. 2) .
Immunohistochemical analyses revealed that the number of p21-positive cells was significantly increased upon administration of tamoxifen for 12 weeks, but not for 2 weeks. The 52-week administration led to further increases in p21-positive cells. These results are summarized together with the previous results on GST-P-positive cells in Table 2 . Briefly, GST-P-positive foci developed in the livers of rats administered tamoxifen for more than 12 weeks, and the GST-P-positive area in liver sections occupied greater than 60% of the total area after 52-week administration.
Immunohistochemical and histopathologic analyses (Fig. 3) revealed that the locations of p21-positive and GST-P-positive cells in a liver section differed. Most p21-positive cells (upper portions of Fig. 3A-3C ) had more basophilic cytoplasms, a high nuclear cytoplasmic ratio, and severe structural atypisms as compared with GST-P-positive cells (lower portions of Fig. 3A-3C ).
DISCUSSION
In the present experiments, we demonstrated an increase in the expression of the mRNA and protein of hepatic p21 without gene activation of p53 during the process of tamoxifen-induced hepatocarcinogenesis in female rats. To best of our knowledge, this is the first report of the overall change in , an internal control. C, control; T, tamoxifen treatment; T S and T N in the 52-week administration mean the nodule-surrounding tissues and hyperplastic nodules, respectively. The amount of each RT-PCR product was assayed in 5 individual rats in each experimental group, and the data shown are expressed as mean ± S.D. (n = 5). Significant differences from the corresponding controls assessed by Student's t-test. ND, not detected; NC, not counted (GST-P-positive area occupied more than 62% of a tissue section). a) Values are means ± S.D. b) Data in our previous report (Ref. 9) were used. Significant differences from the corresponding controls assessed using Student's ttest; *p < 0.05, **p < 0.01. gene expression of p21 during chemical-induced carcinogenesis. A significant increase in the level of p21 mRNA occurred with more than 2-week administration of tamoxifen, and the increases were not significantly different among rats administered tamoxifen for any period examined. However, no significant increase in the number of p21-positive cells was observed immunohistochemically up to 2 weeks of administration and thereafter the number of the p21-positive cells increased in a timedependent fashion. Although this difference in the altered expression of the mRNA and protein of p21 indicates that the increase in p21 protein levels is not necessarily dependent on an increase in the corresponding mRNA, the reason for the difference remains unclear.
On the other hand, no significant change in the level of mRNA of p53, a positive transcription factor for p21 gene, [14] [15] [16] was observed during the process of tamoxifen-induced hepatocarcinogenesis. During tamoxifen-induced hepatocarcinogenesis, an increase in the expression level of p21 is thought to occur in a p53-independent manner, although the mechanism of the increased expression remains unclear. In addition, such p53-independent expression of p21 has been reported to occur in muscle and other terminally differentiating cells. 17) During the initiation-promotion process (~12 weeks) of tamoxifen-induced hepatocarcinogenesis, the expression pattern of p21, which promotes apoptosis and DNA repair by arresting the cell cycle in DNA-damaged cells, 18) was similar to those of tamoxifen-activating enzyme(s), especially the CYP3A subfamily enzymes and DNA repair enzyme, 9) suggesting that the increased gene expression of p21 was dependent on the development of tamoxifen-induced DNA damage in liver cells.
Immunohistochemical and histopathologic analyses of p21-positive and GST-P-positive cells in the liver tissue indicated that the localizations of these positive cells were not necessarily identical, and p21-positive cells, as compared with GST-Ppositive cells, existed preferentially in the region with an abundance of cells with basophilic cytoplasms and severe structural atypisms as compared with GST-P-positive cells. Although GST-P-positive foci, a marker for hepatocarcinogenesis, often disappear in cancerous tissues, 19) p21-positive cells would developed even in cancerous tissues. 20) Although p21-deficient mice show a greater tendency to develop spontaneous tumors in extrahepatic tissues (the lung, testis, skin, etc.) but not in the liver compared with wild-type mice, 21) p21 has an oncogenic function in some cases. 22) Previous reports and the present results suggest that there is tissue selectivity in the action of p21.
In the present experiments, the overall change in the expression of the mRNA and/or protein of p21 during tamoxifen-induced hepatocarcinogenesis was similar to those of cell proliferation-associated proteins, including c-myc, cyclin D1, and PCNA, as reported previously. 9) Thus the increased expression of p21 might be an important event in the development of hepatocarcinoma in female rats.
